In several applications of Quantitative feedback theory approach to robust controller synthesis, templates of uncertain non-rational transfer functions are required to be numerically generated. An algorithm is proposed in this paper for generating templates of such transfer functions. The main features of the algorithm are: (i) it is applicable to transfer functions expressible in terms of most standard FORTRAN functions, (ii) nonlinear correlated parametric dependencies are permitted, (iii) it yields templates that are guaranteed to include the actual ones, and (iv) it is simple to implement using any interval arithmetic compiler. Examples are given to demonstrate the capabilities of the proposed algorithm.
Introduction
Horowitz's Quantitative feedback theory (QFT) [4] is a well-established body of robust feedback synthesis techniques, capable of dealing with a large class of linear and nonlinear plants. In several applications of QFT, templates of non-rational transfer functions are required to be numerically generated. Examples of such applications are found particularly in the area of chemical process control where transportation lags are almost always present. Further, while using the so-called Linear Time-Invariant Equivalent (LTIE) approach [5] for nonlinear plants, the LTLE transfer function set corresponding to the given set of plants and command inputs often turns out t o have a non-rational functional form, for e.g., in chemical reactor and nuclear reactor problems with special command input trajectories. In these problems, the recourse currently available to the QFT designer is to adopt a grid-based method for generating the templates. A difficulty with all grid-based methods is that they are potentially risky, as some critical points of the templates could be missed due to the nature of the grid process.
Thus, there is considerable motivation for developing template generation algorithms for non-rational transfer functions which can provide (safe) including templates of the actual ones. Additionally, as the QFT techniques have the capability to deal rigorously with non-rational transfer functions, it is desirable that these algorithms take full advantage of this capability by achieving their task without the need for any rational transfer function approximations.
In this paper, we propose an algorithm to generate including templates of non-rational transfer functions. Our algorithm is developed in an interval mathematics framework, because of the inherent ability of this branch of computational mathematics to deal with parametric uncertainty in the form of interval numbers. The main features of our algorithm can be summarized as follows : 
Remark 2.1. It is a very important fact that the elementary arithmetic operations are
as an interval arithmetic evaluation, or simply interval y,z,+y,2,
evaluation off, and is denoted b y F ( X ) . 
Initial Developments
The class of transfer functions addressed in our work is described below. 
Form of Transfer Function Expression
First, we can have a straightforward procedure t o generate at a given w an including template of Q . 
. ,An) using the reducedoccurrence form. Translate the complex interval ( X , Y ) p a i v e found into angle-magnitude interval (A, M ) . An including template of B is then given b y 9'" = (A, M ) .
Moreover, 6 c 9'" c Bnaiue .
3.
Proof: By Theorem 3.1, we have 6 E g"" . That gnaiVe is based on the empirical fact given in g' ' [3, P. 361.
4-

5.
Remark 3.2. Centered [7] .
Ai,j
= [lli +-( j -l ) w ( A J / N , L + jw(AJ/NI, N A = Ujs=l(A1,
7.
Main Results
We now give our template generation algorithm.
Algorithm. Template Generation Algorithm
Consider a transfer function g(s,X1,. . . ,An) This can be done as follows. 
8.
9.
0 Take the union of all the T ( i ) , to get 1,. . . ,r.
template g a n g = U' t=l T ( i ) . Let g(s, AI,. , . , A, ) be a transfer function satisfying Assumption 3. [6] . We show the template points computed using MATLAB as dots in all the be- The template of (2) is t o be generated at w = 2.
We chose N = 10,15,20 for b, T , a, respectively, with r,q = 15. The algorithm yields gaLg plotted as solid lines in Figure 2 . From the Figure, it cm be that the algorithm gives a reasonably tight including template.
Conclusions
A fairly general algorithm has been proposed for computation of frequency response templates for nonrational transfer functions having nonlinear correlated parametric dependency. A key aspect of the generated templates is that they axe always including templates of the actual ones. The development of the algorithm has been carried out in an interval mathematics framework. The capabilities of the algorithm are demonstrated by use of two examples. F'rom the result plots of these examples the templates generated are fairly accurate so as to exhibit limited over design in the QFT procedure.
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